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LATE QUATERNARY VEGETATION AND CLIMATE IN TIIE 
ESGALANTE RIVER BASRNON THE CENTRAL COLORADO PLATEAU 


Kim Withers? and Jim 1. Mead” 


ApsTRACT—Five alcoves (rock shelters) in the Forty-Mile Canyon-Willow Gulch area of the Escalante River Basin in 
southeastern Utah vielded rich deposits of late Quaternary macrobotanical remains. The de posits were sampled and the 
contents identified in order to construct a chronology of vege tational change. Fourteen radiocarbon dates indicate that the 
fossils were deposited between 12.690 and 7510 yr B.P. (vears before present). 

Ninety-one plant taxa were identilied, 62 to species. Six species were common to all alcoves: Gambel oak (Quercus 
gambelii), box-elder (Acer negundo), prickly pear (Opuntia subgenus Platvopuntia). skunkbush (Rhus aromatica var. 
trilobata), serviceberry (Amelanchicr utahensis), and Indian ricegrass (Oryzopsis hymenoides’). 

Late Pleistocene samples (>11,000 yr B.P.) contain extralocal, elevationally depressed species such as Douglas fir 
(Pseudotsuga menziesii), spruce (Picea sp.), and mountain mahogany (Cercocarpus ledifolius), and mesophitic species such 
as rose (Rosa woodsii) and water birch (Betula occidentalis ). Karly Jtolocene samples (11,000—-$000 vr B.P.) contain no 
elevationally depressed conifers. and the remaining mesophytic species decrease in relative abuudance. Reticnlated 
hackberry (Celtis reticulata) becomes common. The terminal Early Holocene sample (SQ00-7000 vr B.P.) contains abundant 
Gambel oak and prickly pear, but little else. 

Paleoclimatic interpretations for the Late Pleistocene correspond well to those of most other workers on the Colorado 
Plateau. Climates that were wetter and at least seasonally cooler than they are today are inferred trom the macrobotanical 
assemblage. However, the increased moisture is attributed to higher stream base levels and increased groundwater ratlier 
than directly to increased precipitation. Early Holocene climates are interpreted as warmer and drier than those of the Late 
Pleistocene but still wetter than the present climate. Groundwater levels appear to be decreasing due to stream 

entrenchment. Terminal Early Holocene climates were much warmer and at least seasonally drier. By the end of the period, 
groundwater levels had decreased so much that the aleoves were unable to sustain plant communities: stream base level 
was probably near the present level. 


Key words: Quaternary, Colorado Plateau, plants, oak, Quercus, Pleistocene. 


The Colorado Plateau has been the focus of The macrofossils in this study (Withers 1989) 
late Quaternary paleoecologic work in the last were excavated from: sandstone alcove (rock 
decade; however, the late Quatemary plant — shelter) alluvium and thus can represent ouly 
communities of the central plateau, southeast- the community of the microhabitat where the 
em Utah, are still inadequately known because deposit was found. The objectives of this re- 
mliclicsccase stidliesconducted Wate Pleisto. | Scarcn aro toiclescnbarand ig capline tite par 
cene—Early Holocene plant communities of the leoenvironmental implications of changes in 
central plateau have been described using plant communities throngh time, 
macrofossils found in the alluvial deposits 


from Cowboy Cave (Spaulding and Peterson STupy ARBA 
19S0, Spaulding and Van Devender 19580), 
from scattered packrat (Neotoma spp.) mid- Froin 1986 to 1988 field crews from Ouater- 


dens from the Paradox Basin (Betancourt — ,), ny Studies Program, Northem Arizona Uni- 
1984, 1990), and from the megaherbivore versity, explored several alcoves in the Forty- 
dung blankets from Bechan Cave (Davis et al. Mile Canyon and Willow Gulch areas of Ane. 
1984, Mead et al. 1986), Cowboy Cave (Han- Escalante River Basin (Glen Canyon National 
sen 1980), and various alcoves (Mead and Recreation Area: Fig. 1), which is the eastern 
Agenbroad 1989, 1992). boundary of the Kaiparowits Basin. Because 
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hig bE Map of the ou st locating the Colorado Plateau (delineated by stipples). 


i fowboy Cave: Me anidden studies 


Cauileh B Bechan Ca 


onr study is on lands aciministered by the Na- 
tional Park Service. we were requested not to 
locate the alcoves (on amap or ina description) 
with any precision. Somewhat more detailed 
descriptions of the alcoves are in’ Mead and 
\genbroad 1992. Mnvone needing further de- 
scriptions of locations may contact the regional 
scientist at the Rocky Mountain Rec Ot- 
fice, Denver Colorado. At least S51 pl iit taxa 
presently live inthe Ki aiparowits Basin, resulting 
moamany diverse local plant associations (We Ish 
ctoal 1978) Taxonomic terminology 
t al. @TOST . 
“The canyons cit through the Nav: os. and- 


stone ane the npper units of the more resistant 
Rave nha koriiation 


follows 





The alcoves appear to have 


heen formaicel Wl thi CFOSS bedded sandstone by: 


spalling wallextohattou facilitated by the ac- 


Gon of momsture infilt (hirongh joint-con- 


rolled surface drainace HT alcoves in this 


dio age area nd ise they cou- 


tl rohed terraces. which are remnants of 
{] care PGySTE Sol Sal enctted that the 
lig Tear POsits ¢ vce ec (1) O00 vears 
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TT) 105° 


I, Forty-Mile Canyon: W. Willow 


of Betancourt (19S+4, 1990). 


(Agenbroad and Mead manuscript). Stratified 
Hivial sediments are usually ford on either 
side of steep talus slopes that are composed of 
sandstone blocks and boulders overlain by eo- 
lian sand. These talus slopes often contain 
prominent lavers of macrobotanical fossils and 
other remains such as benes, hair, and dung. 
live alcoves were chosen lor study based on the 
abindance of plant remains evident in the de- 
posits. 


MODERN ENVIRONMENTS 


Climate of the Escalante Basin is warn and 
semiarid with highly variable amounts ofannual 
precipitation. Strong orographic gradients are 
exhibited by both temperature an precipita- 
tion. Mean ann: temper ‘ature oflow-elevation 
sites along the river is 12°C, with 250 1mm or less 
mean amal precipitation. At high-elevation 
sites in the nearby Agquanus Den: mean an- 
nual te Mperatire is 2°C, with 575 mm of mean 
annual precipitation (Webb 1985). 
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Vegetation in the basin ranges from Great 
Basin desertscrub to spruce-fir (Picea spp.— 
Abies spp.) forest. Low areas between 1400 m 
and I700 a elevation area 
shrublands and grassland (Tanner 1940). Pin- 
von-jumiper (Pinus spp.—fimiperus ue: ) wood- 
land occurs between 18000 m and 2300 in. 
followed by a vellow pine-oak-manzanita (Pinus 
ponderosa—QOuercus spp. Arctostaphylos pun- 
gens) association between 2300 im and 2700 10. 
Above 2700 m, the southem face and top of the 
Aquarius Plateau support a sprace-fir forest 
(Webb 19S5). 

Topography in the mnmediate area of Forty- 
Mile Canyon and Willow Gulch is diverse. I le- 
vation ranges from 2300 m at the top of the 

Kaiparowits Platean, where the perennial 
streams that carve the canvons begin, to about 
1100 mat the confluence of the two canvons at 
the Escalante River. 

Pinvon-juniper woodland dominates be- 
tween 2300 m and 1500 m. Below the woodland 
on benches and in slick-rock areas is desertsernb 
dominated by blackbrush (Coleogyne ramosis- 
sima), Within the canvons, habitats range from 
nearly vertical rock laces to vallevlike areas: 
from dn, rocky slopes and creekbe ds with ac- 
tive, steep si and dunes to riparian woodlands and 
hanging gardens. Vallev areas are dissected by 
sandy Wi mace Many plant species such as skunk- 


bush (Rhus aromatica var. trilobata), smele-leal 


ash (Fraxinus qanomala), barbe “aS Mahonia fre- 
montii), and serviceberry (Ame danchier utahen- 
sis) arc found throughont the creek system ina 

variety of habitats, Piero tice ace alin: 
(Salix spp.), tamarisk (Tamarix ramosissima, in- 
troduced), box-elder (Acer neguido), and seep 
willow (Baccaris emoryi) arc found only near 
permanent running water. Cottonwood (Popu- 
las fremontii) is common along permanent 
watercourses as well as areas where gronnd- 
water is near the surface. 

On drv slopes above the streambed, impor- 
tant species inclide skunkbush, sagebrush 
(Artemisia spp.), blackbrush, snakeweed (Gu- 
lierresiaspp.), prickly pear, brickellbush 
(Brickellia californica, B. grandiflora), aud In- 
dian ricegrass (Oryzopsis hyine noides). In val- 
levs many of these same species are common 
along with winter fat (Ceratoides lanata) and 


penteredtnciadtnals of Utah juniper, single-leal 


ash, netleaf hackbern (Celtis edt). and 
clilf-rose (Purshia mexicana). Hackberry is 


mixture of 
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widespread but uncommion, usually occurring 
in sheltered, shady areas. 

Gambel oak (Quercus gambelii) is common 
inwet, shady areas and hanging gardens in Wil- 
low Gulch but is restricted to a relictual popula- 
tion ina vallevdike area in the upper part of 
Forty-Mile Canyon. There it is fonnd only on 
the shady north-f;: acing side of the canvon 
against the rocks and on the sides and bottoms 
of dee p. sandy washes. Shrub live oak (Q. tur- 
binella) is common in the upper reaches of both 
canyons but becomes rare as the alluvium be- 
comes wetter, Shinnery oak (Q. havardii) is re- 
stricted to the driest, uppermost portions of the 
canyons. 

In the wettest parts of the Canvons, Near 
seeps and at the edge of the creek, import By 
species inchide horsctail (Eqnisetum spp.), 
common reed (Phragmites australis), sedges 
(Carex spp., Scirpus spp.), birchleat buckthorn 
(Rhames betulacfolia), and saltrass ( Distich lis 
spicata). Box-elder is fonnd scattered along the 

canyon bottom and occasionally in hanging gare 
dens. Connnon hanging garden species clude 
various ferns and mosses as well as poison iv 
(Toxicodendron —rydbereii), cardinal flower 
(Lobelia cardinalis), watercress (Nasturtium of- 
ficinale), cardinal monkevilower (Minas 


cardinalis), amd colunbine ( Aquilegia micrantha). 


POSSIALOC MATES 

Hoopers Hollow, Grobot Grotto. and BF 
Alcove are in Forty- Mile Canvon; Shrub-Ox Al- 
cove and Oak Haven are in Willow Gulch (Iig. 
1). Allare located between 1100 and E300 mm in 
elevation. 


Fortyv-Mile Canvon 


The alcoves in Forty - \lile Canvon are diffi- 
cult to reach. Approxini itely 10m of vertical or 
nearly vertical sandstone rises from the deeply 
entrenched streambed to the base of the al- 
coves. Streamside vegetation below BF Alcove 
and Grobot Grotto is dominated by willow and 
tamarisk, but there is little streamside vegeta- 
tion below Hloopers Hollow: 

Hoopers Hollow and Grobot Grotto arc 
large (100-200 in wide), southwest-facing al- 
coves (Fig. 2). Tops of the deposits in both arc 
at approvimately 1200 m elevation. In both al- 
coves modem vegetation is characterized by 
desert grassland species, with a few seattere " 
shrubs. Active and grass-stabilized sand dunes, 
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f alcoves mentioned in text: A, Hooper's Hollow; B, Grobot Grotto; C, 
Bt Je in center of B: units containing macrobotanical remains occur about 
the re i preserved botanical remains occur stratigraphically above the lavered, 
WN Al at at all alcoves: sediments are of Sangamonian age. 
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if she YrOCK sandstone. Lee 


iceerass is the dominant 


V4 [| fh le @ Pte 

tve found. bichan 
veces, Other SPECIES noted in the area inelnde 

mcheobush Psorothanmas fremoutti), Mormon 
lea Ephedra viridis’. snakeweed, porcnpine 
prickly pear Opuntia crinaced) bnekw heat 
Erogzowon inflation’ and dogwee ae Dyssodia 
pre nlae hacta’. 

Ble \leove is relatively narrow and. faces 
ortheast. Fig. 2! tis the highest alcove in this 
study at about 1250 mn clevation. The area just 
ontside the alcove is a steep, grass-covered sand 
dine, Species present weiss Indian ricegrass, 
dropseedl (Sporobolus sp... and occasionally 
\lormon tea and snakeweed. 


Willow Guleh 


The alcoves in Willow Gulch are presently 
fairly casy toenter usually requiring only a short 
climb Hp a steep embi mkment or sand dune. 
Slib-Ov Alcove is located ina wide, vallevlike 
area at 1190 m clevation and faces northwest. 

Cambel oak and shrnb live oak grow near the 
stream below the alcove. tial: barberny, 
aud brickellbush are common. Cottonwood is 
wtbundant near the creekbed and Indian rice- 
OTass iS ae Junipe r trees are scattered 
across the valley. Porcupine a pear and 
hedge hog cactus (Echinocerens sp.) are found 
growing in cracks in the sandstone. 

Oak Haven is the lowest alcove in this study 
at F140om- elevation and faces nearly due west 

iv, 2. itis narrow and shelflike, with a fairly 
large. mabble-filled shelter on the north end. It 
isa wet “active” alcove, although not so wet as 
\ the fossils. about 50 m above the 
present’ stre. mbed. 


lo destroy 


This isthe ouly aleove in which species found 

Wi fossil samples still occur alive today. Gambel 
dak is abimdant throughont the alcove. Other 
iwhoreal species found in or near the alcove are 
hackberrm and box-elder. Common shrnbs ine 
bide seep willow. sacred datnra (Datura me- 


Wheudess semaceberrs. shunkbush. roundleat 
huttiloberm She pherdia rotundifolia), and 
tibet pling pool is located to the south 

ne deove and: contains common hanging 

I | 

he leoves contain two major sedimentan 

1 luvers without orgame 
x | eltuvéal lavers with fos 
, Weal avers with los- 
sils. | Hivtal sediments. of 


Which t uning filled the 
| 
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BUL000 si. BW hee ere deposited when the 
Canvon strean: was dammed downstream, pos- 
silly by cither a sand dine or canyon wall col- 
lapse. Atany point during deposition behind the 
dai, the canyon would Bas e contamed Huvial 
(and possibly eolian) units in the stream channel 
area, but there wonld have been lateral facies of 
colluvial deposition in the alcoves. Once the 
sediment depth had reached the threshold of 
the dam height, fluvial deposition would have 
ceased: however, lateral: colluvial deposition 
would have continued. We are recovering fossils 
in the lateral colluvial facies. 

When the dam was breached, sediments 
were probably downcut rapidly in at least the 
main streambed. Remaining sediments were 
eroded from beliind and bench by groundwa- 
ter flowing between the sediments oa sand- 
stone (seeps and springs). They were also 
eroded by channeling and water flowing over 
the surface, especially at the alcove dripline. 
Remnants were left behind as predominanthy 
the lateral facies in the alcoves. The oldest dated 
laver from our study, ca. 23,000 vr B.P. (SOA), 
as well as manimoth (Mammeuthus) dung from 
below the profile in Grobot Grotto, which dates 
ca. 26,000 vr BLP. (Mead and Agenbroad 1989), 
is evidence that i ‘alley eit had already 
been extensively eroded by the last full elacial 
(ca. 21,000 vr B.P). 


Depositional Environments 
and Taphonomy 


The taphonomw (what happens to organic 
remains after death) of the localities is impor- 
tant to understand. Organic remains are pre- 
served in the alcoves behind the dripline, that 
is. inside the shelterand away from direct effects 
of precipitation. Fossil remains were incorpo- 
rated into the alcove sediment lavers conceiv- 
ably by various methods. 

(1) A plant taxon could have washed into the 
alcove. meaning that the plant actually grew at 
a dilferent focicons (possibly ata much: higher 
clevation and ina diflerent community) mre Was 

carticd by stream action toa lower elevation, to 
finally come to deposition i in one of our alcoves. 
Had this been the scenario, the matrix innnedi- 
ately around the plant remains would be Muvial 
in nature. The sediments would show some sort 
of stream action or deposition, Even the plant 
remains would show some sort of transport 
damage — which they do not show. This is not 
the case. . 
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(2) A plant taxon could have been carried 
into the alcove by wind action. For this scenario 
to realistically happen. the taxon in question 
would have had to grow nearby enough to be 
carried into the alicare by wind. Long- Prat ance 
transport of so many fossils is not like nN given the 
present phw siographic situation. Cert: ae the 
taxon could have lived on the land above the 
alcove—which is now mostly narrow slick-rock. 
Having any of the fossil plants recovered in the 
alcove acti: aly growing above the alcove, in- 





stead of in the eanvon. tinue hot re “ally alter our 


overall conclusions. 

And finally, (3) a plant taxon could have been 
growing in or innnediately outside the alcove. 
Elomi in this scenario would have pristine 
macrofragme Hits ¢ EXCEL for situations where 
spalling wall rock damaged the specimens. The 
encasing sediments imply that onlv a colluivial 
(spalling) depositional environment is present. 

It is our opinion that given the three possible 
depositional scenarios outlined above, the al- 
cove and the fossils discussed here are the result 
of, at least predominantly, in: siti) deposition: 
that is, species actually grew inside or in the 
inmmnediate vicinity of the alcove. 


METIIODS 


Macrobotanical Fossil Collection 
and Analysis 


Macrofossils were found in unconsolidated 
layers (leafmats) in the deposits or mixed with 
spall sands and blocks. Samples were difficult to 
obtain becanse the truncated deposits were very 
steep and loose (at angle of repose). Expose 4 
surfaces were cleaned to remove loose, con- 
taminating slumpage. The in situ leafinats were 

sampled by removing the mass of leaves, twigs, 

and other plant materials by hand or ae a 
trowel. In between the leafmats or where plant 
remains were found mixed with the sand, bulk 
samples of sediment were collected. 

Samples were taken from various locations 
within each site so that an accurate description 
of the plant community and a chronology of the 
site could be constructed. Generally; k: avers Were 
sampled along a vertical line ( (profile) from the 
top of the deposit. At Oak Tavern, Grobot 
Grotto, and Shrub-Ox Alcove, samples were also 

taken to the side of the main profile to test as 
much of the variability ofeach laver as possible. 
At BF Alcove, a 0.25-m pit was excavated and 
bidk-sampledat 10-cm intervals. These samples 
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were dry-screened through T-min mesh at the 
site. Because the sand was so loose, it was nearly 
impossible to avoid mixing the lavers along the 
edges of the pit. When ste ‘rile sand was found at 
40 cin, the excavation was terminated and the 
pit backfilled. A similar pit was excavated at the 
top ol the deposit (Holocene) at Grobot Grotto: 
however, the same slumpage problems were 
encountered. Since recovery was minimal, exea- 
vation was temminated at 30 em. 

In the Laboratory of Quatermary Paleoutol- 
ogv (Northern Arizona University), bulk sam- 
ples were drv-sereened throngh «i 20-mesh 
(0.S4-min) soil screen, T hey were identified by 
using the moder collection housed in the Mu- 
seum of Northem Arizona Herbarium, consult- 
ing with various members of the biology faculty 
cut Rothe rn Arizona Unive SIL, and © Xanang 
regional literature (Gould 1951. Martin “and 
Barkley 1961, Morris et al. 1962, Delont 1970. 
Klinore 1976, Albee 1979, Welsh 1986, Welsh 
etal. 1987: Table 2). Plants were identified from 
twigs, leaves. seeds, flowers, flower parts (espe- 
cially involucres), and fruits. Since the original 
mass and the mnunber of inidentifiable ie 
ments varied from sample to sample, all identi- 
fied parts were counted and assigned a relative 
abundance according to the following seale: | = 
rare (1-2 ey 2 = uncommon (3-10 
fragments), 3 = common (11-50 fragments), 4 
= very Common | (51-100 fragments). 5 = abun- 
dant (>100 fragments) (following Van Deven- 
der 1973), 


Radiocarbon Dating 


When possible, radiocarbon dates were ob- 
tained ona single species froma single Laver 
cases where no single species was abundant, 
COMposite s sample of a single species from oe 
lavers (BF Alcove) ora plant species and some 
fecal material froma single laver (Oak Haven) 
were used. Multiple dating procedures were 
performed in each alcove to establish a chronol- 
ogy. All radiocarbon dating was done by Beta 
Aninistic Incorporated. Coral Gables, Florida 

(Table 1). 


RESUEES 


Ninety-one fossil taxa were identified, 62 to 
species (Withers 1959). Of those. Ole sixan.ctt 
common to all aleoves: Gambel oak, box-elder, 
serviccbery, prickly pear. skunkbush, and In- 
dian ricegrass. Fourteen radiocarbon dates were 
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Beta lily .in stratigraphic order, for Forty- Mile Canyon and Willow Gulch samples. 
Bk vlcove HEEL ERoopers Hollow: SON, Shrub-Ox Alcove: ONT, Oak Haven. 





NMaterial dated 





Quercus gambelii branch 
Quercus gambelii branch 


Quercus gambelii trunk 


Dung 


Pscudotsuga menziesii needles 


Quercus gambelii twigs 
Quercus gambelii twigs 


Quercus gambelii twigs 
Quercus gambclii twigs 
Quercus gambelii twigs 
Quercus sp. limh fragment 


Quercus gambelii branch 
Rosa woodsii twigs 
Picea sp. twigs and dung 





Sail rb P Lab ne. 
Grobot Grotto 
(0) None 
(.¢, HONG - 
takes 7910 +: 160 20999 
(5 SPSL Secu Te) 2099S 
GG Hone 
(.l, Q9I2Q + 100 20999 
BF Alcove 

Bh 1].790 - 190 145.27 

12 130s 170 20995 

Hooper's Hollow 
IEEE 10.630 + 110 D412 
Ht2 Pane = 1G 25411 
Shrub-Ox Alcove 
SON] $520 + SO 20415 
SQ \2 $830 + 190 25656 
SOC) \3 }2 6 = 1S) I5A16 
SOV 23.100 + 660 25115 
Oak Haven 

(ot) ) Q)SO + 100 28929 
E12 11.690 + 120 25418 
C13 Os FOS 150 25657 
Cotht none ~ 
} at nt Be font 


obtained to determine the age of the deposits. 
Materials dated included Gambel oak wood, 
rose Rosa woodsii) branches, Douglas fir nee- 
dles. spruce twigs. and dung (Table 1) 


Forty-Mile Canvon 


GROBOT GROTTO — Excavation into Llolo- 
cone sediments at the top of the de ‘posit vielded 
lew tacrofossils: and since there was no obviors 
stratigraphy they were treated as one : sample, 
GG0 not dated). This sample is identical to the 
rice Mi ora as obse a I de lewhe re aw the Cxtll= 
Von 
vere Collected from: the 275- 
cin-thick Gabel oak leat rool spall aver that 
be van 137 cin dows leap ‘trom the datum at the 


l these salnples contain- 


ours. Uniples 9 


topol the de posit “Tv 
Ing Ganibeloak wer oe itted tor radiocarbon 
dating. Twigs from the topyad nea 
cata lice Oak lealtaver da thear 
Ga 90 to T5004 rb PVTa piece of oak 
trip located mst approy ut ly ou west 


he profile dated ca 9900 vr BI 


the bottom 
deposition from 


Thirty-five plant taxa were identified (Table 
2). Prie ly pear and Gambel oak were the most 
abundant species in the oldest layer; blackbrush 
and Mornon tea were common. More species 
of grass (four) were identified from this sample 
than from any other. Indian ricegrass was com- 
mon. 

The remaining samples reveal no discernible 
change mitil all plant species disappeared from 
the alcove sometime after 7500 vr B.P. Gambel 
oak was the most abundant fossil: species. Prickly 
pear was common in an undated sample from 
the bottom of the profile (GG4) and in the 
voungest sample (GG1). Other species present 
in small numbers inelude box-elder, hackbern, 
lishhook caetus (Sclerocactus sp.) Solomon's 
seal (Smilacina sp.), and Indian ricegrass. Indian 
ricegrass Was the only species present in all 
samples, 

BF ALCOVE. four samples from this 
aeove showed little variation except for a de- 
crease in overall macrofossil abundance as the 
sterile horizou was approached. The lack of dis- 
cernible stratigraphy in the test pit and low 
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weights of any one fossil species resulted in the 
decision to pool the Douglas fir needles from all 
samples for radiocarbon dating. The two dates 
merge around ca. 12,000 vr. B. blest 
Thirty-nine taxa were identified (Table 2). 
Most abundant were Douglas fir, ee ma- 
ple (Acer grandide cite) box- alder prickly 
pear, eigenen ahogany (Cercocarpus ledifo- 
lius), and indigobush. Other common Species 
inchided Ganbel oak, currant (Ribes cf. 


cereunt), skunkbush, hackbe ‘ry, and single-leaf 


ash. Spruce and fir were present. represented 
respectively by one needle and one cone scale. 

HOOPER'S HOLLOW—The oak aver at 
Hoopers Hollow begins 190 cm from the da- 
tum, is up to 100 cm thick, and has been bummed 
extensively. Two samples record plant commu- 
nities of ca. 10,600 and 12,000 yr B.P. (Table 1). 

Only 13 taxa were ide ntified from this alcove, 
the low number reflecting the lack of preserva- 
tion because of buming (Table 2). Gambel oak 
was very Common in the Late Pleistocene sam- 
ple. Uncommon or rare species identified from 
this sample were prickly pear, rose, box-clder, 
water birch (Betula occidentalis), spruce, and 
Indian ricegrass. 

The Early Holocene sample records changes 
in the \ egetation during the Pleistocene— iclo: 
cene transition. Rose, water birch, box-elder. 
spruce, and mountain mahogany were no longer 
at the site. Gambel oak andl prickly pear were 
common. Uncommon or rare species inclided 
poison ivy, Solomons seal, skunkbush, and In- 
dian ricegrass. 


Willow Gulch 


SHRUB-OX ALCOVE.—The oak layer’ in 
Shirib-Ox Alcove began 120 cm from the ‘datinn 
and was about 350 em thick. Gambel oak was 
dated from four samples. The oldest date 
(23,100 + 660 vr B.P.) was on what appeared to 
be oak wood from a highly degraded part of the 
macrofossil layer. Only recat taxa (oak, hack- 
berry, and mountain mahogany )were recovered 
from this sample, but the community appears to 
have been similar to those of the latest Pleisto- 
cene in this and other alcoves. The remaining 
samples record the commiunities from the Late 
Pleistocene and the Early Holocene, ca. 12,700 
to 8500 yr B.P. (Table 1). 

Thirty-eight plant taxa were identified (Ta- 
ble 2). Gambel oak was abimdant or very com- 
mon in all samples. Box-elder and bigtooth 
maple decreased in abundance from the bldest 
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to the voungest sample. Hackbe ITY Was Com- 
mon in the sample dated $530 yr B.P but be- 
came uncommon by $520 soe 6 P. Prickly pear 
was never abundant as in the other aleoves, but 
was only rare or uncommon in the voungest 
samples. An increased number of grass taxa 
(five) was observed in the voungest sample. 
Mountain mahogany was rare or uncommon in 
all samples. Sage brash and saltbush were rare 
or uncommon in the voungest sample Ss as were 
serviceberry, rose, and rele Whoush. 

Several species were recorded only from this 
alcove—willow in the Late Pleistocene sample. 
and Utah fendlerella (Fendlerella utahensis). 
two sedges (Carex bella and Cladinm californi- 
cum), and cottonwood in the youngest sample: 
all were rare. 

Oak HAVEN—Oak Haven has both an oak 
laver and a rose laver. The stratum containing 
the rose laver was chosen for profiling, re 
deposit beg in 20 cm from the datum and was 
about 155 em thick. The oak laver is located to 
the north of the profile in a pile of wall fall 
overlain by colian sand. 

Three samples were submitted for radiocar- 
bon dating (Table 1). The Gambel oak sample 
from the oak aver dated ca. 9200 vr B.P. The 
two lower radiocarbon dates from the profile are 
reversed relative to the stratigraphy. Rose from 
the top of the nnit dates ca. ] I. 700 vr B.P., while 
a sample of spruce twigs ombene d with ungu- 
late dung from below ie rose laver dates ca. 
9500 vr B.P. We feel that the spruce date | Beta- 
25657 dise UIvoci cu, as it is acombination of two 
entirely different species and should not be as- 
signe to spruce or the stratigraphic position 
until confirmation. 

Forty taxa were identilied from all samples 

(Table 2). The voungest sample contained abun- 

i fossils of Gambel oak. Water birch and 
higtooth maple were conmion. Rose is the most 
abundant specie s from the dated rose aver. 
Common species from the laver include Gam- 
bel oak, bigtooth maple, and Douglas fir Rare 
or nnconmnon species inchide sagebrush, box- 
elder, water birch, prickly pear, and spruce. The 
two lower, undated lavers contain abundant rose 
and spruce; water birch and box-elder were 
cCOMMNON. 


The Fortv-Mile Canvon-Willow Gulch 
SEqUENICE 


The fossil abundances of selected species 
from both canvons were grouped into a seriated 
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TABLE 2. Continued. 

CCGG la G32 
Gutierrcesia sp. ~ = 
Haplopappus heterpogon = 
Haplopappus cl. driummonddii “ 
Haplopappus sp. | 
Heterotheca sp. 
Hymenoxys sp. 
Juniperus scopulorian 
fiiniperus sp. | 
Lycium pallidum | 
Mentzelia Sp 
Opuntia sp. 
Phlox sp. 
Picea sp. = 
Polygonum sp. 
Populus cf. fremoutii 
Pseudotsuga menziesii 
Purshia tridentata 
Quercus ganibelii 
Ouercus sp. ~ - 
Rhins aromatica var. trilobata ] 2 [ 
Ribes cl. cereum 
Rosa woodsii - = : = 
Salix sp. = 2 
Selerocactus sp. Z = 
Shepherdia rotundifolia - = ] 
Smilacina sp. : as l 
Sphacraleca sp. = - = = 
Toxicodendron rydbergii - = 
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Trifolium sp. l 
Wyethia sp. ] 





Chronosequenc e (Fig. 3). Some of the variability 


seen in the sequence is probably an artifact of 


sampling and site-to-site differences rather than 
areal change in vegetation; however, the general 
trend toward decreasing abundance of meso- 
phytic species is obvious. Douglas fir, spruce. 
currant, and fir do not appear in the fossil record 
after 11.690 vr B.P. Willow is also absent from 
the record alter 1] 690 vv B.P., but itis common 
In areas with permanent water in the CanVvous 
today. Rose, bigtooth maple, single- leafash. and 
mountain m: ahogany’ persist “nth $920 \r Bev. 
while box-elder persists nntil 7310 vr B.P. These 
species were not as abundant in sample s from 


after ]] O00 vr BLP. as they were in samples prior 


to that time. Hackbem: and water birch become 


more abundant in the s samples alter 11,000 vr 


B.P. Tlackbern, box-elder, and single-leaf ash 
are found restricted to the more mesic habitats 
in the canvons today. Oak shows little variability 
in abundance throughout the sequence. The 


lack of deposits of any kind dating after 7510 vr 


B.P. suggests that the ‘dis: appearance of oak from 
the alcoves by that time was a real event. al- 
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though the specics persist in other cases nearby 
today. 

The more xe rophlivtic species in the sequence 
are prickly pear, sagebrush, saltbush. skank- 
bush. blackbrnsh, ae Inclian ricegrass. Skunk- 
bush persists in the record nntil91S0 vr BP. and 
was most abundant in samples that di ite prior to 
12.000 vr BP. [tis common and abundant in the 

canvons today. Prickly pear was most abunelant 
in the sample from ca. 12,100 vr BLP. andisven 
common in the canyons today. bndian ricegrass, 
sage brash. si altbrstt. and blackbrush show little 

Se a ilits in abundance throughont the time 
spanned by the record althoneli they are not 
found in every sample. Today. Indian ricegrass 
is the most widespread spe cies in the CanVONS, 
while the others are frequenth encountered in 
drier habitats. 


DISCUSSION 


Plant communities that can be described 
fron. fossils recovered from the alcoves are 
much like those found in the canvons today. 
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of selected plant species from all sites. See text Tor discussion. Dotted lines refer 


to interred previous or known presence today of some species. 


Major differences lie in the abundance of meso- 
plivtic, relictual species and elevationally de- 
pressed. extralocal species dating from the Late 
Pleistocene and) Early Holocene. The most 
striking similarity is the abundance of Gambel 
Oak in the fossil record and its abundance in 
some arcas of the canvons today. While more 
\erophi tic SPECIES such as Indian rICCETASS and 
prickly pear have shown changes in abun: nce, 
mo r clistributions appear to hae changed little 

nthe last 13.000 vears. 

liferences regarding changing precipitation 
regnes bascd on paleovegetational changes 
seen the fossil record are complicated by the 
hstinet possibility that the communities were 
we Hs unin the past than the 
fossil ne Saeed \. Three facts suggest that 
thi S tri ios Bison’. camel ‘ef. 
Can hintmeoth lrequented alcoves 
iy the teas recenth aw ca. 12.000 vr BP 
Nlead Wentbroad F989. 1992). It seeins 
highly 1 | Hunal would be 


able to gan os ifthe stream 


brtiedy 


were located in its present position since at best 
a steep embankinent must be climbed and at 
worst 10m of vertical sandstone must be sealed. 
(2) The existence of Oak Haven. This “active” 
alcove is wet and is the only alcove currently 
supporting Gambel oak. We believe that condi- 
tions at Oak Haven are analogous to conditions 
in other alcoves during the Late Pleistocene. (3) 
All: fossil) deposits are located behind the 
dripline, away from direct effects of precipita- 
tion, in dry section of the alcoves. This suggests 
that precipitation was never directly responsible 
for maiutenance of plant commnnities within 
the alcoves but that plants were dependent on 
availability of groundwater flowing from seeps, 
springs, and the intennittent canyon stream. 
Gambel oak is a definitive indicator of cli- 
mate because it is sensitive to narrow limits of 
moisture and temperatire (Grover et al. 1970, 
Neilson and Wallstein| 1983). Its presence 
throughout the time spanned by this assemblage 
mnakes it suitable for niaking analogies, at least 
for temperature. It is fui only in areas with 
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mean annual temperatures ol. Neil larper 
et al, 1985). It is indicative of at least 450 min of 
annnal rainfall and no less than 250 im of 
winter precipitation, but. its proximity tO eA 
source of groundwater such as a stream modifies 
these requirements (Grover et al. 1970). The 
extralocal species will also be used as important 
indicators of changing temperature and mois- 
ture regimes. 
Based on the plant taxa identified from the 

samples (Table 2), we have designated three 
stages: Pleistocene, which Males sam- 
ples dating >11,000 yr B.P. (including O13): 

Early Wielacene: between 11,000 and S000 su 
BoP; and Tesinayal Early Holocene, between 
S000 and 7000 yr B.P. 


Chronology of Paleoenvironmental Change 


LATE PLEISTOCENE ENVIRONMENT 
(>11,000 YR B.P.).—Elevationally depressed, 
montane species are the hallmark of Late Pleis- 
tocene plant communities. In Forty- Mile Can- 
yon and Willow Gulch, spruce oc ‘curredas much 
as 900 m lower than today while water birch was 
up to SO m lower. Douglas fir, currant, and 
mountain mahogany exhibited depressions be- 
tween 260 and 300 m, and bigtooth maple was 
as much as 140 m lower. All ieee species (with 
the possible exception of bigtooth maple) are 
extralocal and probably occur no closer than the 
Agnarins Plateau, about 70 km to the north. 

Relictual, mesophytic species were abun- 
dant during this time. Species that appear to 
have been common in the Late Pleistocene, 
such as rose and box-elder, are rare or uncom- 
mon in the canyons today. Where they do occur, 
they are restricted to streamside or other shady, 
wet situations where seasonal droughts do not 
occur, While Gambel oak is common is some 
areas of the canyons, it is also restricted to more 
mesic habitats. The only important xerophytic 
plant in the assemblages is prickly pear. The 
plant community of the earlier time can be 
interpreted as representing a somewhat cooler 
environment with more available moisture than 
is found in the alcoves today. Whether these 
were just seasonal differences camot be stated 
at this time. 

The Escalante River served as a route by 
which high-elevation species such as Douglas fir 
and spruce were able to disperse into the lower 
canyons. Mean annual temperature in_ the 
Aquarius Platean today is about 2°C. However, 
prickly pear, which is common in the fossil sain- 
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ples, is rarely found in areas with mean annnal 
tempe ratures below 6°C (Betancourt 1954). 
Gambel oak, also very common or abundant in 
the fossil assemblages, is found only in areas 
with mean annual te mperatures of TaketC 

(Harpe retal. 1985). Mean annual te niperature 
in the Escalante Basin today is 10-12°C (Webb 
1955). It is unlikely that cooling in the Escalante 
Basin during the Late Pleistocene exceeded the 
3=rC postul: ated by Betancourt (1984) for 
higher-elevation sites in the Paradox Basin. We 
interpret that mean annual temperature ex- 
tremes in the Escalante River area may lave 
been little different from those of today. Cold 
air drainage from the Aquarins Plateau and in- 
creased logs water availability av have been 
responsible for the persistence of montane spe- 

cies in the canyons. 

Although temperatures in the Escalante Ba- 
sin Mav Pax e been little different from what they 
are tod: ay, it is apparent that the alcoves were 
much wetter. We hypothesize that this was at- 
tributable to increased groundwater rather than 
increased local rainfall. During the Late Pleis- 
tocene these canvons contained much more val- 
ley fill than they do today, and stream base level 
was up to 50 m higher. 

Stream entre CnC can take place during 
moist periods when plant cover is abundant or 
plentiful in the upper reaches of the stream 
(Antevs 1955). Hf rainfall was greater at higher 
elevations during the Late PIestocene| dois 
suggested by most workers (Phillips 1977, 1954, 
Spaulding and Van Devender 1980, Be ee 
1984, Davis ct al. 1984), then Forty-Mile and 
Willow creeks probably began to become en- 
trenched during the Late | Pieistoed ne. Because 
of entrenchment, the erosion of vallev fill con- 
tinned and groundwater levels began to de- 
crease. 

KARLY LLOLOCENE ENVIRONMIENT (11,000 
TO $000 YR B.Pj.—The major reorganization of 
the plant comniuinitie *s during this time noted by 
Betanconrt (1984) and ater workers on the 
Colorado Platean is apparent in this assemblage 
also. The only extralocal species found in the 
fossil assembk: ages were bigtooth maple and 
mountain mi ahogany: While still at lower eleva- 
tions than thev are found tod: w, clevational de- 
pressions de creased to 300 in and 200 in, 
respectively. Fossils of these and other relictual, 
mesophytic species such as rose persisted but 
were less abundant than in the previous stage. 
Even Gambel oak decreased slightly in some of 
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Sambi p ol Here Were no appare BE WMICECISeS 

ve thet abtinidaitec of ve rophit ic plants. but de- 
roasine abmiidances of mesophytic plants are 
idence of changes un both temperatire uid 

Hicistiire TOMES, 

Data for Fortv=Sile 
Gulch appear to indieate two shifts in the flora 
that are similar to these seen in the Paradox 
Basin, Eatralocal SPEEIES CVEC pt rose drop from 
the recorad prior lo ca, 10,600 vr BLP. Bigtooth 

naple rose. and momuatain mi ahogany recover 
tor ashort tame between ea. 1O¢ O00 and S500 vr 
BP before dropping from the re cord. Gabel 
oak increased in abundance and hackbern be- 
came commen diving this time, indicating that 
Summer moisture may have become more reli- 
able with the establishment of the monsoonal 
borden. 

Shifts in the floras seen in the Escalante 
Basin diving the Karly Holocene indicate that 
priorto 10.600 vr BoP. temperatnres or tempera- 
ture extremes began to increase and moisture 
availability was less reliable. This resulted in 
decreased abundances of mesoplivtic plants and 
the upslope retreat of Douglas fir and spruce. 
ter 10.600 vr BLP. the recovery of mesoplytic 
Species SHC has bigtooth maple indicated that 
moisture av ailability became more reliable 
again althongh most species do not appear to 
have been as abindant as in the latest Pleisto- 
This moisture ts still more attributable to 
increased grommadwater due to higher stream 
level. Groundwater levels and 
stream chtrenchiment fnetuated during this 
Stage in response to fluctuating rainfall amonnts 
as the sumuner monsoon moved to its present 
posilon. 

\ Tast date of ea. STOO ve BP. on Gambel oak 
leanvesat Cowboy Cave isinte rpretedas marking 
(hence phon of amore \cric climate \ Spi faldine 

md Van Devender 1980". The s: uuple that dates 
er SoOOve BLP from Shrub-Ov \leove contains 


Canvon and Willow 


LS oUt Gar 


base 


Diwehint Gabel oak anthers. Gambel oak on 
ite cme Sites Often fails to produce ima- 

oti Howe rs birt t produces an abimdance 
ws ve all lrecinanet al 19ST). We be- 
i ) Hoc urbor date marks the termina- 
Hocl nh lvents in the alcoves, with 
the str Pho rore than lO m above 
IES presse | clcove swere still wetter 
Chant they an iost-of the stage. but 


continmed: strea t chlininated in 


cnd of the 
iS beeame 


drier alcove euvain 
Mark Elolocene. The 


rate of 
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less reliable or conipletely dried up. Coupled 
with warmer seasonal temperatures, this drving 
resulted in the disappearance of most meso- 
plivtic species by the end of our stage. 

TERMINAL EARLY PLOLOCENE ENVIRON- 
MENT ($000 TO 7000 YR B.P).—The one sample 
from this time period is from Grobot Grotto. 
The fact that there is only one sample in itself 
suggests a major change in the environment 
alter ca. $500 yr B.P. The sample contains only 

Gambel oak and prickly pear in any quantity. No 
plant macrofossils are found above this laver in 

Grobot Grotto, and none above lavers dating a 
thousand vears earlier in Shrub- Ox Alcove. ails 
suuple appears to mark the beginning of ex- 
tremely div cnvironments in the alcoves and the 
establishment of the present environmental 
regime. 

Because of its ability to reproduce vegeta- 
tively (Cottam et al. 1959), Gambel oak is Mile 
to persist in areas where seedlings are unable to 
hecome established. The stand of oaks that lived 
in Grobot Grotto intil 7510 vr B.P. likely repre- 
sents the last hold-outs before the local water 
table became so low that even they died. The 
disappearance of Gambel oak and all plants 
from the alcoves is interpreted as representing 
warmer, and at least seasonally drier, clnnates, 
and therefore the entrenching of the streambed. 
Stream base level was probably very near its 
present position by this time, leaving the alcoves 
high and cry, \withont grommawater resources to 

feed the seeps and springs that had previously 
supported the plant communities. 


Biogeographie and Paleoclimatic 
Considerations 


The Escalante River appears to have served 
as a Major migrational route for high-elevation 
anid mesophy tic species dining the Late Pleisto- 
cone. It is likely that stream base level was as 
mich as 50m higher than at present. At the 
lower elevational limits ofa plant, high tempera- 
tures and deficient soil moisture produce tran- 
spiration stress in established individuals and 
reduce the potential for germination and seed- 
ling establishment. Relaxation of these controls 
can be accomplished by lowering summer tem- 
perature extremes, which oildenesilhe Anne 
creased eflective moisture, or by increasing 
preeipitation (Betancourt 19S4). Since droushi 
Was nota limiting factor, the elevational depres- 
sion of montane species observed in this area 
Was probably primarily the result of cooler summer 
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temperatures, possibly facilitated by cold air 
drainage from the Aquarius Plateau. 

SGuhene displacement of the polar jet 
stream during the Late Pleistocene has been 
proposed, Based on paleovegetation (Van De- 
vender and Spaulding 1979) and moder plant 
distributions (Neilson and Wullstein 19S83). In 
southeastern Utah this would result in milder, 
wetter winters and cooler, drier summers, an 
equable climate (Betancourt 19S4). This inter- 
pretation corresponds well with the interpreta- 
tion of the assemblages from our study as well 
as with those of most other workers (exc ‘ept 
Cole) on the Colorado Plateau. Gambel oak was 
at low-elevation sites in these canyons and at 
Cowboy Cave and Bechan Cave. Today, its 
northern limit coincides with the polar jet 
stream at 41° N latitude. The fossil distribution 
of Gambel oak suggests that the polar jet stream 
was displaced into ye central Plateau at about 
38° N latitude during the Late Pleistocene. 

The terminal date for woodland communi- 
ties in the Southwest is consistently younger 
than the traditional date of ca. 1] O00 vr Bak ae 
the end of the Pleistocene. However, in North 
Ameriea this boundary is generally ope ed to 
be time- -transgressive (Watson and Wright 
1980) and appears to vary with latitude. Transi- 
tional communities with mesic characteristics 
persisted in many areas until the end of the 

Early Holocene, ca. 7S00 vr B.P.. when wood- 
land species disappeared from modem desert 
areas (Van Devender 1977). The changes in 
vegetation during this time involved a gradual 


Mh cranes in he abundance and nips of 


woodland species and a relative increase in the 
importance of desert species, many of which 
were already present (Phillips 1977). In the east- 
em Grand Can on, peak values for vegetation 
change (species flix) were recorded eee n 
12.000 and S000 vr B.P. Cole (1955) believes 
that Wisconsin species tended to disappear 
prior to the establishment of modem species. 
The major reorganization of vegetation zones 
during this time precludes the use of elevational 
an: alogs (Betancourt 194). 

In our study we postulate that warmer tem- 
peratures and increased drought stress duc to 
Muctuating groundwater lev ele resulted in the 
upslope Pereat of montane conifers and de- 
creased abundance of mesophytic species dur- 
ing the Ear ly Holocene. Mesophytic species 
ee eda brief recov ery late in our stage before 
disappearing from the alcoves ca. $500 Mole’ 
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Sexual reproduction in oaks stopped by the end 
of the stage. as evidenced by the abundance of 
male catkins in samples from Shrub-Ox Alcove. 
The polar jet stream retracted to the north as 
the summer monsoonal boundary approache a 
its current position. This wonld result in higher 
anal temperatures and summer extremes, 
less available moisture, more reliable sumer 
precipitation, and a prolonged spring drought. 

The senescence and death of oak trees and 
the disappearance of all vegetation from the 
alcoves in the canyons bv: ca. 1900 vr BP. are 
interpreted as the result of warner tempera- 
tures and the establishment of stream base level 
near its present position. Most otherworkers on 
the Colorado Platean have interpreted their re- 
cords as reflecting greater effective moisture 
during this time. However, our record reflects 
more xeric conditions as a result of decreased 
groundwater and possibly seasonally drier con- 
anon The disappearance of Gambel oak from 
low-clevation sites in the central Colorado Pla- 
tea. may represent a northward retraction 
and/or upslope retreat of the species as condi- 
tions at lower elevations became too hot and dr. 
Conversely, the xerophytic shrub live oak, whose 
northem boundary: curre sutly coincides with the 
monsoonal boundary, and Pinus edulis ex- 
panded northward in response to hotter, drier 
conditions, similar to Antevs’ Altithennal. Liv- 
ing populations of relict hybrids between the 
two oak species as well as between P edulis and 
P. monoplhylla occur at the Middle Lolocene 
northem limit of shih oak and P. edulis and the 
southern limit of Gambel oak and P monophiylla 
(Lanner 1974, Neilson and Wullstein 1983). To- 
day shrb live oak and P. edulis reach their 
northerm limits far south of the relict ly brid 
populations. 

Cole (1981) snggests that a northward shift 
of the summer monsoon and polar jet stream 
would explain his xeric record for the caste 
Grand Canvon, while the same scenario is in- 
voked to explain the ocenrrence of the hybrids 
and is consistent with a recent study of modem 
and fossil distributions of apomictic and se \nally 
reproducing populations of muttongrass (Pod 


fendleriana) on the Colorado Platean (Soreng 


and Van Devender 19S9). It would also « xplain 
the dr record for the Escalante Basin. Those 
records from the central Plateau that are inter- 
preted as wet are from higher-elevation sites 
sitnations could have 


where wetter, cooler 


pe rsisted. 


eet AK) 


The record from Forty -Milc Canvon and 
Willow Gulelh reflects at least seasonally and/or 
locally wetter, more equable climates in the Late 
Pleistocene. The macrofossils record gradual 
warnnng and driving, which became extreme 
saMIeCuUMe after S500) rB.P. sothat all vegetation 
disappeared fron the alcoves by 7500 vr B.P. 
The increased divness is directly attributable to 
falling stream base levels and decreased ground- 
water and only indirecth to changing amounts 
andor seasonality of precipitation. 

Onur record is in general agreement with 
other Colorado Plateau records except that it 
appears to rellect at least seasonally drier condi- 
tions during the Middle Holocene. This is prob- 
ably beeause our sites are at lower elevations 
than the others. Further studies of similar mac- 
robotanical deposits in the surrounding area, if 
they exist, are in order. Expansion of this record 
could delineate the changing position of the 
northem limit of Gambel oak and, bv extension, 
the geographic positions of both the monsoon 
and polar jet stream thronghout the late Quater- 


4 


nan. Additional data from this area would also 
help refine the geographic and temporal 
boundaries of both wet and dry altithennals. 
\dditional paleobotanical studies in the area are 
necessary ifthe late Quaternary paleoecology of 
the central Colorado Plateau is to be adequately 
understood. 
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